Introduction
Solids from activated or primary sludge could provide important nutrients for feeding ruminants (Hackler et al., 1957; Smith et al., 1979 Smith et al., , 1981 Orcasberro, 1980) ; however, concern has been raised about accumulation of heavy metals and organic toxicants in animals fed sewage sludge (Hackler et al., 1957) and crops from sludge-amended soil (CAST, 1976) . Keinholz et al. (1979) reported accumulation of several elements in steers fed anaerobically digested, highly contaminated sludges. Johnson et al. (1981) observed increased concentrations of Cd, Hg and Pb in livers and kidneys, elevated Pb in bones, and higher Cd and Hg in lungs and spleens from feedlot steers fed a contaminated product as 11% of the diet. However, in research with feedlot heifers fed undigested, nonindustrial sewage solids as 20% of their diet for 68 d, the magnitude of toxic element accumulation in livers and kidneys was small (Smith et al., 1979) . In another trial, these researchers (Smith et al., 1979) supplemented range cattle for 4 mo with a pelleted feed containing 50% undigested sewage solids and observed no 416 JOURNAL OF ANIMAL SCIENCE, Vol. 59, No. 2, 1984 increase in liver heavy metals. A long-term study with sheep consuming 7% undigested, dried sewage in a complete diet for 2 yr indicated no adverse effects on reproduction Hudgens and Hallford, 1983) ; lamb performance (Hudgens, 1982) , wool production (Benamer and or general health of the ewes . The present study was conducted to measure concentrations of 15 elements in blood, milk and tissues of ewes that had consumed sewage solids as 7% of total diet throughout 2 yr.
Materials and Methods
Five fine-wool ewes were selected randomly from each of three groups of ewes that had consumed a complete pelleted basal diet (11% protein) or the basal diet fortified with either 3.5% cottonseed meal (CSM; 12% protein) or 7% primary (undigested), gamma-irradiated (1 megarad) 4 sewage solids (SS; 12% protein) during a 2-yr period. The ewes were sampled during their second lactation to determine blood and milk elemental composition as well as serum clinical chemistry profile. Diet formulation and routine ewe management have been reported by Hudgens and Hallford (1983) . Chemical analysis and elemental content of the three diets as well as the raw sewage used to formulate the sewage-containing diet are shown in table 1. Values represent random samples of all the feed and sewage batches prepared during the entire 2-yr trial. Milk and blood samples were obtained 3 and 42 d postpartum. Forty days after weaning of lambs, blood was sampled again and ewes were slaughtered. Organ weights were recorded and liver, kidney, rib bone, spleen and muscle (psoas major) were sampled for elemental determinations.
Blood was sampled by jugular venipuncture. Samples for element determinations were collected into 10-ml evacuated tubes coated with lithium heparin s and frozen until analyzed. Fifteen milliliter evacuated serum separation tubes 6 were used to collect blood for serum profiles. These samples were allowed to clot at room temperature for 30 rain before centrifugation at 2,300 x g and 4C for 15 min. Serum was then decanted and frozen at -20 C until analyzed for 22 constituents 7. Reference ranges for ovine profiles as well as intra-and interassay coefficients of variation for these determinations were reported by Hallford et el. (1982) . Milk samples were collected into clean 50-ml bottles and frozen until analyzed. Nitric acid and HCIO4 were used to wet ash blood, milk and tissue samples. Bone samples were defatted by Soxlet extraction before digestion using an azeotropic mixture of chloroform and methanol. Determinations of Ag, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb and Zn were by atomic absorption-emission spectrophotometry s. One percent lanthanum oxide was added to digested samples before determining Ca and Mg to reduce ionic interference (AOAC, 1980) . Molybdovanadate reaction (AOAC, 1980) was used for spectrophotometric 9 determination of P.
Blood, milk and tissue data were subjected to analysis of variance for completely randomized designs (Snedecor and Cochran, 1967) . Total elemental composition (mg or /ag/organ) of liver, kidney and spleen were subjected to analysis of variance with carcass weight included in the model as a covariable. Where significant F values occurred, means were separated by the Least Significant Difference method (Snedecor and Cochran, 1967) .
Results end Discussion
Blood and Milk Minerals. Element contents of diets are shown in table 1. Several elements were undetectable in blood and milk due to the small amount (5 ml) of samples ashed. Neither blood nor milk elemental composition differed (P>.05) among dietary treatments 3 d postpartum (tables 2 and 3); however, by 42 d after lambing, blood Ca was higher (P<.05) in both basal-and SS-fed ewes when compared with CSM controls, and Ca was higher (P<.05) in milk from basal-fed ewes than that observed in the other groups. Elemental diet analysis indicated almost 1,000 /ag/g more Ca in the basal and SS diets than in the CSM diet (table  1) . At slaughter, animals consuming SS had blood Ca concentrations similar (P>.05) to their CSM-fed counterparts, whereas basal-fed (table 5) , whereas Cd was lowest for basal-fed ewes and highest for those animals receiving SS (1.1-to 1.5-fold), with all treatment groups having different (P<.05) mean values. When these elements were examined as total kidney content (table 6) , however, no differences (P>.05) were detected in mean values, indicating that total kidney burden of these elements was not significantly altered by the diet containing sewage solids.
Sewage-fed ewes had twofold higher (P<.05) Ca and 1.7-fold higher concentrations of Ni in spleens than did basal or CSM (table 5) . Beaudouin et al. (1980) observed elevated Ni in spleens from swine fed diets with 10 and 20% sewage. Both basal-and SS-fed females had spleens with increased (P<.05) Fe when compared with CSM-fed ewes. Two ewes in the SS group and one in the basal group had extremely high spleen Fe levels, which led to the large standard error for this element. Basal-fed ewes had more (P<.05) Mg and P than those fed either CSM or SS. When examined as total spleen content (table 6), Ca was 2.5-fold higher (P<.05) in SS-fed ewes than those fed the basal diet, with CSM-fed animals being intermediate. No differences were detected in elemental composition of bone from different treatment groups except that Ni was elevated (P<.05) in basal-fed ewes (table 5) . Muscle Ca was increased (P<.05) in SS-fed ewes; however, the remainder of the elements were similar among treatment groups (table 5). Although differences were detected in elemental contents of tissues in this experiment, the magnitude of the increases in SS-fed ewes was small, especially when one considers the animals had received SS as 7% of their diet for 2 yr at dietary intakes identical to thos_e of the other two groups.
Serum Clinical Chemistry. Only uric acid differed (P<.05) among diet groups (table 7) 3 d postpartum with basal-and SS-fed animals having higher (P<.05) serum uric acid concentrations than those fed CSM. This alteration in uric acid was also evident (P<.05) 42 d after lambing. Additionally, at this period, serum Ca and glutamic oxaloacetic transaminase (SGOT) were also elevated (P<.05) while P, Na, Mg and cholesterol were less in ewes receiving the SS diet; however, all values were within normal reference ranges for sheep (Hallford and Galyean, 1982) .
At slaughter, serum Ca remained elevated (P<.05) in SS-fed ewes, while an increase (P<.05) in triglycerides was also observed (table  7) . Animals fed CSM, however, had higher (P<.05) Mg and lower Na during this period. Serum C1 was elevated (P<.05) in SS-fed ew6s when compared with CSM-fed animals, while basal-fed ewes had mean C1 values similar to both (P>.05). Differences in blood constituents were not consistent throughout lactation and all mean values were within two standard deviations of means reported by Hallford and Galyean (1982) . The magnitudes of the differences observed, therefore, appear to be of questionable value in assessing possible metabolic or toxicologic effects of the diet with 7% SS.
Performance of the ewe flock from which these animals were selected has been previously described Hudgens, 1982 
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~o ~ toxicants in sewage products have long been recognized (Hackler et al., 1957) and sometimes dramatically illustrated using worst-case scenarios (Furr et al., 1976) . Nevertheless, present findings and other related studies (Smith et al., 1983) 
